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Background: T he  c er eb e l lu m  a nd it s ne ur al  ci rc ui t ry  h ave  b e en  assu m e d t o  play a major role in the 
pathophysiology of essential tremor (ET). In this study, we sought to find associations between ET and cerebellar 
dysfunction.
Methods: We performed tandem gait test in 41 ET patients and 44 age-matched controls. Investigators 
assessed tandem gait by counting the number of missteps during ten-step tandem walk and each subject repeated 
the trial three times.
Results: ET patients had a higher average and total numbers of missteps during tandem gait tests than control 
subjects (p<0.05). Sex-adjusted odds ratio of the association between tandem gait abnormality and ET was 3.40 
(95% confidence intervals 1.06-10.85). According to age stratification, aged ET patients (age ≥70 years) showed 
significantly higher prevalence of tandem gait abnormality than young ones. Interaction terms determined by a 
likelihood ratio test was also statistically significant (p<0.05).
Conclusions: Dysfunction of cerebellar neural circuitry may be associated with the pathophysiological mechanism 
of ET. In addition, aging may be an important factor modifying the association.
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INTRODUCTION
Essential tremor (ET) is one of the most common 
movement disorders. Clinically, this is a slowly 
progressive, monosymptomatic disorder characterized by 
postural tremor and kinetic tremor; in advanced stages, 
intention tremor can severely handicap the affected 
patients.
1,2 However, the pathophysiologic aspects of ET 
has not been elucidated and pathoanatomical investi-
gations have not identified any morphological 
abnormalities until now.
The cerebellum and its neural circuitry have been 
assumed to play a major role in the pathophysiology of 
ET.
3 To date, a functional disturbance of olivocerebellar 
circuit is the most popular hypothesis for the etiology of 
ET.
4 Positron emission tomography (PET) studies have 
suggested a central oscillation involving the cerebellum 
and the red nucleus.
5 Low frequency repetitive trans-
cranial magnetic stimulation of the cerebellum can 
induce a moderate, transient, significant reduction of 
tremor in ET patients.
6 A recent study reported that 
tandem gait abnormality is found in ET patients who did 
not complain about walking disturbances.
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We have hypothesized that if ET is associated with 
abnormal cerebellar function, other cerebellar motor 
functions could also be disturbed. Since tandem gait is 
one of the ways to measure the cerebellar function, we 
have examined the prevalence of tandem gait abnor-
mality in ET patients. 
MATERIALS AND METHODS
1. Subjects
We investigated tandem gait in 41 ET patients (15 
male, 26 female) and 44 age-matched controls (14 male, 
30 female). All patients fulfilled the diagnostic criteria 
of classic ET according to the consensus statement of 
the Movement Disorders Society.
9 Inclusion criteria 
were: 1) bilateral, largely symmetric postural or kinetic 
tremor involving hands and forearms that is visible and 
persistent, 2) additional or isolated tremor of the head 
may occur but in the absence of abnormal posturing. 
Exclusion criteria were: 1) other abnormal neurologic 
signs, especially dystonia, 2) the presence of known 
causes of enhanced physiologic tremor, including current 
or recent exposure to tremorogenic drugs or the presence 
of a drug withdrawal state, 3) historic or clinical 
evidence of psychogenic tremor, 4) convincing evidence 
of sudden onset or evidence of stepwise deterioration, 5) 
primary orthostatic tremor, 6) isolated voice tremor, 7) 
isolated position-specific or task-specific tremors, 
including occupational tremors and primary writing 
tremor, 8) isolated tongue or chin tremor, 9) isolated leg 
tremor.
All the patients were asked to walk 10 meters, turn 
around, and walk back. An examiner noted the speed of 
initiation of gait, the posture, stride length, heel strike, 
and extent and symmetry of arm swing. As the patient 
turned, the number of steps taken to turn and any 
evidence of slight overbalancing were carefully 
observed. ET patients who had parkinsonian signs or an 
abnormal thyroid function were excluded. All patients 
were physically active and completely independent. 
Controls were recruited among the patients’ spouses or 
relatives, and the same exclusionary criteria were 
applied. 
2. Analysis of tandem gait
Investigators assessed tandem gait by counting the 
number of missteps during a ten-step tandem walk. Each 
subject repeated the trial three times. A misstep was 
considered if the patient’s advancing foot failed to land 
immediately ahead of and in close contact with the toes 
of the nonadvancing foot, with the method described as 
previously.
10 Both feet were expected to have their 
sagittal plane parallel to the forward direction of 
movement, so that lateral rotations of the front of the 
foot as it landed were not considered acceptable. 
Subjects were graded as having a normal or abnormal 
tandem gait based on the findings that two or more 
missteps per trial occur and the findings had to be 
reproduced twice or more.
3. Statistical analysis
The demographic variables and missteps were 
analyzed by independent samples t-test or chi-square test 
as appropriate. Associations between tandem gait 
abnormality and ET were quantified using odds ratios 
(OR) and 95% confidence intervals (CI). Because aging 
(age  ≥70 years) potentially modified the effects, 
chi-square test was repeated within strata of aging. 
Interaction terms between aging and ET were assessed 
by likelihood ratio tests. All statistical analyses were 
conducted using Stata 8.0 for Windows package (Stata 
Corporation, College Station, Tex., USA).
RESULTS
The demographic characteristics were summarized in 
Table 1. ET patients and controls did not differ in age 
and sex (mean±SD, 60.9±15.9 years and 58.9±12.8 
years; 63.4 and 68.2% female, respectively). The 
proportion of the aged population (age ≥70 years) was 
not statistically different (34.1 and 20.5%, p>0.1).
Tandem gait abnormality was summarized in Table 2. 
ET patients had the higher average number of missteps Journal of Clinical Neurology: Vol. 1, No. 1, 2005
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Age <70 Age ≥70*
Abnormal tandem Normal tandem Abnormal tandem Normal tandem
ET patients
Control
2 (7.4)
3 (8.6)
25 (92.6)
32 (91.4)
10 (71.4)
2 (22.2)
4 (28.6)
7 (77.8)
Values represent number and percentage in parentheses. *p<0.05 by chi-square test.
Table 4. Crosstabulation between ET and tandem gait abnormality according to age stratification
per trial (0.89±1.03 and 0.51±0.64, p<0.05) and higher 
average total missteps (2.66±3.08 and 1.52±1.91, p< 
0.05) than the control. The results of logistic regression 
analyses were summarized in Table 3. Unadjusted OR 
for the association between tandem gait abnormality and 
ET was 3.23 (95% CI 1.02~10.18). However, these 
associations fell into borderline significance with 
additive adjustments of sex and age.
ET patients 
(n=41)
Controls 
(n=44)
Age, years
Age  ≥70 years, n (%)
Women, n (%)
60.9±15.9
14 (34.1)
26 (63.4)
58.9±12.8*
 9 (20.5)*
30 (68.2)*
Values are mean±SD, unless noted otherwise, ET; essential 
tremor. *All p values >0.1 by Student򰡑s t-test or chi-square 
test as appropriate.
Table 1. Demographic characteristics
Average number 
of missteps
(per trial)*
Average 
missteps
(total)*
ET patients 
Controls 
0.89±1.03
0.51±0.64
2.66±3.08
1.52±1.91
Values are mean±SD, *p=0.047 by Independent-samples t-test
Table 2. Finding of tandem gait in patients with ET compared
with controls
OR (95% CI) p value
Unadjusted
Sex adjusted
Sex and age adjusted
3.23 (1.02-10.18)
3.40 (1.06-10.85)
3.79 (0.90-15.97)
0.046
0.039
0.069
OR; odds ratio, CI; confidence intervals
Table 3. Associations between ET and tandem gait abnormality
According to age stratification, crosstabulation 
between ET and tandem gait abnormality was expressed 
in Table 4. In the aged ET patients (age ≥70 years), 
tandem gait abnormality was significantly higher than in 
the age-matched controls. These association, however, 
was not noted in the young (age <70 years) ET patients. 
The age-adjusted interaction terms between age 70 
(dichotomy) and ET was also statistically significant (p= 
0.048).
DISCUSSION
The present study showed that ET patients had the 
higher prevalence of tandem gait abnormality than 
age-matched controls, and that the tandem gait 
abnormality was more evident in aged ET patients (age 
≥70 years) than young ones (age <70 years). An 
abnormal tandem gait in a patient with ET may suggest 
that the pathophysiology of ET is associated with the 
cerebellum and its neural circuitry. Thus, our results 
were consistent with the previous findings.
7,8 Increased 
tandem gait abnormality in aged ET patients indicates 
that a subtle pathologic transformation of a central 
oscillator in aged ET patients may finally affect the 
tandem gait.
Several studies have indicated that the cerebellum 
plays an important role in the generation of tremor in 
ET patients. Ataxic tandem gait of ET was indistinguish-
able from gait abnormalities due to diseases in the 
cerebellum or the cerebellar outflow tracts.
11 The clinical 
signs such as tandem gait abnormality and intention 
tremor, suggesting cerebellar dysfunction, were often 
present in advanced ET.
11,12 In support of the notion of 
a possible cerebellar involvement in ET, regional 
cerebral blood flow studies using C
15O2 and H2
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revealed overactivity of the cerebellum and its 
projections in ET patients.
5,13,14 Functional magnetic 
resonance imaging investigations in ET patients found a 
significant activation in the cerebellar hemispheres and 
the red nucleus compared with mimicked tremor in the 
control group.
15 On the other hand, clinical observations 
in patients with localized strokes in the cerebellum 
demonstrated a disappearance of essential tremor.
16 An 
analysis of ballistic movements in ET patients demon-
strated that the abnormalities resembled those described 
in human beings with cerebellar lesions.
17 Moreover, the 
kinematic analysis of intention tremor in ET patients 
showed distinct abnormalities resembling tremor in 
cerebellar diseases.
12 
The present study showed an interactive effect of 
aging on the tandem gait abnormality in ET patients 
(interaction terms, p<0.05). As reported previously, 
biological aging could affect the progression of ET, 
resulting in a gradual reduction in tremor frequency, 
which secondarily increases the amplitude of tremor.
18 
Louis et al. reported that there was an association 
between the age of onset and the rate of ET progression; 
patients with older age of onset (>60 years) showed 
rapid progression of ET.
19 Aging has been shown to play 
a role in the clinical expression of subtle pathologic 
transformation of physiologic neuronal oscillators.
18 
The present study has several limitations. First, the 
majority of ET patients were on various antitremor 
medications with variable dosages. Although we 
included the ET patients with normal gait patterns only, 
we could not exclude the influence of antitremor drugs 
on the cerebellar function test. Second, the present study 
did not examine the family history and the charac-
teristics of tremor including duration, severity and 
distribution. Therefore, we could not delineate the 
relationship between these characteristics and the 
occurrence of tandem gait abnormality.
In conclusion, tandem gait abnormality as a measure 
for cerebellar function test was significantly associated 
with ET and the association was evident especially in 
aged ET patients. Therefore, dysfunction of cerebellar 
neural circuitry may be associated with the basic 
pathophysiological mechanisms of ET.
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